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(57) Abstract: A vehicle (1) for travelling along a conduit (2) such as a pipeline having fluid flowing therein is disclosed. The 
vehicle comprises a first body carrying a first set of retractable bristles (12) for engaging an internal wall of the conduit such that the 
bristles resist movement of the first body in a first direction more than in a second direction, and a second set of retractable bristles 
(13) for engaging the internal wall of the conduit such that the bristles resist movement of the first body in the second direction 
more ihan in ihe first direction. A thread follower (16) carries a third set of resilient bristles (18) for engaging the internal wall of 
the coiiciuii such lluil the bristles resist movement of the thread follower in the first direction more than in the second direction. A 
turbine (5) is actuated by fluid flow in the conduit to cause rotation of a reverse traverse screw (14) to move the first body and thread 
follower towards and away from each other. The first (12) and second (13) bristles are sliffer than the third bristles (18). 
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Bi-Directional Conduit Traversing Vehicle 



The present invention relates to vehicles for travelling along conduits having fluid flowing 
therein, and relates particularly, but not exclusively, to vehicles for travelling along liquid 
transportation pipelines having liquid flowing therein. - . • 

In many industries, particularly the oil and gas industry, it is desirable to have vehicles that can 
travel through pipelines to perform functioiis such as maintenance, repair and cleaning. 
Vehicles that are propelled in the direction of the fluid flow are well known, and in the 
applicant's concurrent Intemational Patent Application No PCT/GBOO/03614, a vehicle is 
described that is able to drive itself in the direction opposite to that of the fluid flow by 
deriving the energy to do so from the opposing fluid flow itself 

The vehicle described in PCT/GBOO/03614 propels itself by having bodies provided v^dth 
bristles which engage the conduit walls, and moves against the fluid.flow using a turbine to 
power a reciprocating motion of the bodies towards and away from each other. This allows 
the vehicle to move against the fluid for an indefinite amovint of time. This feature is useful in 
that the vehicle does not have to be connected to an umbilical power cable and can therefore 
travel through pipes of far greater length than in prior art vehicles. To retrieve the vehicle, a 
parachute is deployed and the drag of the fluid pulls the vehicle back to its starting point. 

The vehicle described in PCT/GBOO/036 1 4 suffers from the drawback that when it has moved 
past a certain point of interest in the pipeline, it will not effectively pass that point again until 
the vehicle is being retrieved. However, the vehicle is generally retrieved at such high velocity 
that it does not spend aay significant time at the point of interest. This can be a problem for 
example, when the vehicle is performing a scanning function. The outward journey time for a 
vehicie-of this type can be of the order of several weeks, and if the pipeline is being scanned 
for structural defects, the useful data may be taken in a single period of the order of a few 
seconds. It is highly desirable therefore to be able to re-scan sections of the pipeline, and as a 
consequence move in the reverse direction without fully retrieving the vehicle, repeating this 
action with further backwards and forwards motion if necessary. 
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WO 02/42601 discloses a bi-directional traction apparatus in which flow of fluid past a turbine 
causes rotation of a drive shaft, which in turn causes resilient arms of traction members to be 
oscillated or swashed backwards and forwards to move the apparatus along a pipeline. ITie 
traction members are inclined relative to the drive shaft, and in order to reverse the direction of 
movement of the apparatus, it is necessary to displace to traction members along hubs on 
which they are mounted, so that rotation of the traction members causes them to oscillate 1 80 
degrees out of phase with their previous position. 

This arrangement suffers from flie drawback that such direption-reversing mechanisms are 
difficult to accommodate in the limited space available on the apparatus, especially when 
mounted to a body of which a significant part of the internal space is occupied by a drive shaft. 

In addition, this prior art apparatus is recovered from thepipelinebydeployingmeans such as 
a parachute to cause the apparatus to be caitied out of the pipeline by fluid flow. This wiU 
occur while the elastomeric anns of the traction members are in contact with the pipeline wall, 
as a result of which damage may occur to the elastomeric arms, unless complicated apparatus' 
for retracting the arms from fte pipeline waU are available. 

Preferred embodiments of the present invention seek to overcome the disadvantages of the 
prior art. 

According to the present invention, there is provided a vehicle for travelling along a conduit 
having fluid flowing therein, the vehicle comprising:- 

at least one first body portion; 

a plurality of first retractable resilient members mounted to said body portion and adapted to 
engage an internal wall of a conduit such that said first resilient members resist movement of 
the apparatus along a conduit in a first direction more than in a second direction opposite to 
said first direction; 



a plurality of second retractable resilient members mounted to said body portion and adapted 
to engage the internal wall of the conduit such that said second resilient members resist 
movement of the apparatus along the conduit in said second direction more than in said first 

direction; 
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at least one second body portion having a respective plurality of third resilient members 
adapted to engage the internal wall of the conduit such that said third resilient members resist 
movement of the second body portion relative to the conduit in one of said first or second 
direction more than in the other of said first or second direction; and 



towards and away from each other, 

wherein said first and second resilient members are stiffer than said third resilient members. 

By providing a vehicle in which two sets of resilient members providing greater resistance to 
movement in opposite directions are selectively deployable against the wall of the conduit, this 
provides the advantage that the conduit traversing vehicle can be made to travel in both 
directions along the conduit, allowing regions of interest to be re-viisited. For example, by 
providing two sets of retractably mounted bristles, pre-inclined in opposite directions with 
respect to the length of the pipeline, the direction of movenient of the vehicle can be chosen by 
retracting one of the sets of resilient bristles. In addition, by providing first and second resilient 
members which are stiffer than the third resilient members, this provides the advantage of 
allowing the direction of inclination of the third resilient member to be reversed by simply 
reversing the direction of travel of the vehicle, if the third members are sufficiently flexible. 
This is particularly advantageous because of .the limited space available on the vehicle, which 
makes it difficult to accommodate a mechanism on the second body portion for reversing the 
direction of inclination of the third resilient members. This also enables the vehicle to be 
constructed in such a way that when the first or second resilient members engage the conduit 
and the direction of inclination of the third resilient members is reversed, so that the vehicle is 
arranged to propel itself in the direction of fluid flow in the conduit, the firictional -resistance 
between the resilient members and the conduit wall can be minimised, thus minimising the 
risk of damage to the resilient members. 

Preferably, a plurality of said first and/or second resilient members are bristles. 



moving means for moving said first body portion and the or each said second body portion 



In a preferred embodiment, the vehicle further comprises cam means provided on said body 
portion for retracting said first and/or second resilient members. 
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The cam means may comprise first support means for a plurality of said first resilient 
members, second support means for a plurality of said second resilient members, and 
displacement means for causing radial displacement of said first and/or second support means 
relative to the body portion. 

In a preferred embodiment, the displacement means comprises at least one displacement 
member axially moveable relative to the fir.t body portion and having a respective mating 
surface for engaging a corresponding surface on at least one.said first and/or second support 
means such that axial movement of the or each said displacement member causes radial 
displacement of the or each said first or second support means. 

At least one said displacement member may be axially displaceable relative to the first body 
portion. 

At least one said displacement member may be rotatable relative to the first body portion. 

At least one said second body portion may be slidably momited to a shaft comiected to said 
first body portion. 

The moving means may comprise, at least one screw thread on said shaft and rotating means 
for rotating the shaft relative to at least one said second body portion. 

The vehicle may fimher comprise drive means for operating said moving means. 

In a preferred embodiment the drive means has at least one shaft portion adapted to be rotated 
by the fluid flow. 

The drive means may be electrically operated. 

The drive means may be rechargeable through rotation of at least one said shaft portion. 

This has the advantage that an electrical drive means can be recharged using energy derived 
fiom the fluid flow. 
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A vehicle may further comprise deployable means for increasing fluid drag on the vehicle. 
The deployable means may be a parachute, 

This provides the advantage of allowing the vehicle to be pulled along the conduit with the 
fluid flow, in order to assist recovery of the vehicle. 

As an aid to understanding the present invention, a preferred embodiment thereof will now be 
described, by way of example only and not in any limitative sense, with reference to the 
accompanying drawings, in which:- 

Figure la is a schematic cross-sectional view of a conduit traversing vehicle embodying the 
present invention with the first set of retractable bristles thereof engaging a conduit surface; 

Figure lb is a schematic view, coiresponding to Figure la, in which the second set of 
retractable bristles engage the conduit surface; 

Figure Ic is a schematic view, corresponding to Figure lb, in which the direction of travel of 
the vehicle has been reversed; and 

Figure 2 is a cross sectional view along the line A-A in Figure 1 a. 

Referring to Figure 1 a, a vehicle 1 for travelling along a conduit 2, such as a pipeline having a 
fluid 3 such as oil flowing tlierein in the direction of arrow B, comprises a drive means 4 
having a turbine 5 located within a housing 6, The turbine 5 has a stater 7 and a rotor 8 
connected to a shaft 9 via a gearbox 1 0 such that movement of fluid 3 in the direction of arrow 
B causes rotation of the rotor 8 which in turn causes rotation of the shaft 9. 

A conduit gripping apparatus 1 1 is connected to the drive means 4 such that the shaft 9 can 
rotate relative to the conduit gripping apparatus 1 1 . The conduit gripping apparatus 1 1 has a 
first body and carries a first set of pre-inclined retractable resilient bristles 1 2 and a second set 
of pre-inclined retractable resilient bristles 13 inclined in the opposite direction to bnstles 1 2. 
In Figure la, the first set of retractable resilient bristles 12 is shown in the deployed position. 
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and the second set of retractable resilient bristles is shown in the retracted position. The 
conduit gripping apparatus 11 with the retractable resihent brisUes 12and 13 has an external 
diameter slightly greater than the internal diameter of the conduit 2 so that when in the 
deployed position, as demonstrated in Figure 1 a. each set of retractable resihent bristles 12, 13 
engages the surface of the pipeline 2. 

A reverse traverse screw 1 4 is connected to the shaft 9 and has two sets of helically extending 
cam grooves 15 in its surface which mate with a thread follower 16 supported by a nut 17 
carrying a tturd set of resilient bristles 1 8 which are less stifFthan the first and second sets of 
retractable resiHent bristles 12 and 13. The nut 17 is mount^ to a guide 19 which is in tum 
connected to a housing 20 cairying the end of reverse traverse screw 1 4 remote from the drive 
means 4. Rotation of the shaft 9 causes rotation of the reverse traverse screw 14, which 
through engagement of the thread follower 16 in cam grooves 15, causes axial movement of 
the nut 17 along guides 19 relative to the conduit gripping apparatus 11. The housing 20 
contains a bearing, and is provided with a set of wheels 21 for engaging the internal surface of 
the pipeline 2. 

Figure 2 shows a cross sectional view along the line A-A in Figure la. The nut 17 carries 
thread follower 16 which engages one of the grooves 15 on the reverse traverse screw 14, and 
the nut 1 7 is adapted to slide along the guides 19 located within the housing 20. The third set 
of resilient bristles 18 projects through elongate slots 22 in the housing 20. 

The operation of the vehicle 1 described with reference to Figures la, lb, I c and 2 will now be 
described. 

Referring specifically to Figure 1 a, fluid flows in the direction of arrow B ind movement of 
fluid through the stator 7 causes the turbine rotor 8 to rotate, which in tum causes rotation of 
the shaft 9. This in tum causes rotation of the reverse traverse screw 14, as a result of which 
the thread follower 16 engages a first one of the cam grooves 15 and causes the nut 1 7 to slide 
longitudinally relative to the conduit gripping apparatus 11. This causes the first set of 
retractable resilient bristles 1 2 and the third set of resilient bristles 1 8 to be moved away from 
each other. 
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Because the bristles 12, 18 are oriented backwards relative to the direction of travel of the 
vehicle, the frictional force of the bristles 12, 1 8 against the wall of the pipe 2 is greater in the 
rearward direction than in the forward direction. Accordingly, the rear bristles 1 8 do not move 
or move very little relative, to the wall of the conduit 2, whereas the forward retractable 
resilient bristles 12 and the conduit gripping apparatus 1 1 are urged forwards. 

As the nut 1 7 reaches the end of its travel along the cam groove 1 5 of the reverse traverse 
screw 1 4, the thread follower 1 6 is so shaped that it is forced to engage the other cam groove 
1 5 and is caused to move in the opposite direction relative to the reverse traverse screw 1 4. As 
a result, the third set of bristles 18 and the &st set of retractable bristles are moved towards 
each other; The first set of retractable bristles 1 2 has greater resistance to moving backwards 
than the third set of bristles 1 8 has to moving forwards, so the first set of retractable bristles 1 2 
and the conduit gripping apparatus 1 1 remain stationary, or move very little relative to the pipe 
wall 2, and the third set of bristles 1 8 is moved forwards until the nut 17 reaches the forward 
end of its travel along the reverse traverse screw 14. The process then repeats itself, and the 
vehicle 1 travels along the pipe 2 in the direction opposite to that of the fluid flow shown by 
arrow B. - . 



Referring, now specifically to figure lb, in order to reverse the direction of travel of the 
vehicle, it is necessary to reverse the inclination of the bristles with respect to the pipeline 2. 
The conduit gripping apparatus contains one or more cam members (not shown) to retract the 
first set of retractable bristles 12 and also deploy the second set of retractable bristles 13. The 
first and second sets of bristles are supported on carriers (not shown) which selectively engage 
the cam members as the cam.members rotate and/or move axially relative to the first body to 
deploy the first set of bristles and retract the second set of bristles in one position of the cam 
members, and retract the first set of bristles and deploy the second set of bristles in the other 
position of the cam members As the second set of retractable bristles 13 is pre-inclined in the 
opposite direction to the first set of retractable bristles 1 2, they engage the internal surface of 
the pipeline 2 in the opposite direction to the first set of retractable bristles 12. 

If the nut 1 7 is in the phase of its motion in which it is moving along traverse reverse screw 14 
towards the conduit gripping apparatus 1 1 and away fi-om the housing 20, neither second set of 
retractable bristles 1 3 nor third set of bristles 1 8 is oriented in a manner to resist the motion by 
virtue of the frictional force imparted to the pipeline 2. Accordingly, the third set of bristles 
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will move towards the second set of retractable bristles and the vehicle will remain stationaiy 
However, when the nut reaches the end of its travel along the cam groove 15 of the reverse 
traverse screw 14, the thread follower 16 will engage the other cam groove and urge the nut 17 
to move in the direction away from the conduit gripping apparatus 11. 

mthis position, both setsofbristles 13. 18 are oriented in a manner to resist motion relative to 
the pipehne 2. Since fhe second set of retractable bristles 13 is stiffer than the third set of 
bnstles 18, and both sets 13 and 18 are inclined to oppose the pipeline 2, the third set of 
bnstles 1 8 wiU be forced to flip over and change its inclination with respect to the pipeline 2. 

-me second set of retractable bristles 13, and the third set of bristles 18 will now be in the 
configuration shown in Figure Ic. It will be appreciated that this is the opposite configuration 
to that shown in Figure 1 a and accordingly, the vehicle 1 will now move in the direction of the 
flow shown by arrow B, by the same process as that of the vehicle 1 shown in die 
configuration of Figure la. 

The direction of travel of the vehicle 1 can again be reversed, by using the cam means (not 
shown) m the conduit gripping apparatus II to retract the second set of retractable bristles 13 
and deploy the first set of retractable bristles 12, which will in turn force reversal of inclination 
of third set of bristles 18. In this way, it can be seen that the direction of movement of the 
vehicle can be easily reversed, without the necessity to provide a mechanism on the nut 1 7 for " 
reversing the direction of inclination of the third set of bristles 1 8. 

It will be appreciated by persons skilled in the art that the above embodiment has been 
descnbed by way of example only and not in any limitative sense, and that various alterations 
and modifications arepossible without departure fi-om the scope of the invenfion as defined by 
the appended claims. 
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Claims 

1. A vehicle for travelling along a conduit having fluid flowing therein, the vehicle 
comprising:-at least one first body portion; 

a plurality of first retractable resilient members mounted to said body portion aiid adapted to 
engage an internal wall of a conduit such that said first resilient rhembers resist movement of 
the apparatus along a conduit in a first direction more than in a second direction opposite to 
said first direction; 

a plurality of second retractable resilient members mounted to said body portion and adapted 
to engage the internal wall of the conduit such that said second resilient members resist 
movement of the apparatus along the conduit in said second direction more than in said first 
direction; 

at least one second body portion having a respective plurality of third resilient members 
adapted to engage the internal wall of the conduit such that said third resilient members resist 
movement of the second body portion relative to the conduit in one of said first or second 
direction more than in the other of said first or second direction; and 

moving means for moving said first body portion and the or each said second body portion 
towards and away firom each other; 

wherein said first and second resilient members are stiffer than said third resilient members. 

2. A vehicle according to claim 1, wherein a plurality of said first and/or second and/or third . 
resilient members are bristles. 

3. A vehicle according to claim 1 or 2, further comprising cam means provided on said first 
body portion for retracting said first and/or second resilient members. 



4. A vehicle according to claim 3, wherein said cam means comprises first support means for a 
plureility of said first resilient members, second support means for a plurality of said second 
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resilient members, and displacement means for causing radial displacement of said first and/or 
second support means relative to said first body portion. 

5. A vehicle according to claim 4, wherein said displacement means comprises at least one 
displacement member axially moveable relative to the first body portion and having a 
respective mating surface for engaging a coiresponding surface on at least one said first and/or 
second support means such that movement of the or each said displacement member causes 
radial displacement of the or each said first or second support means. 

6. A vehicle according to claim 5, wherein at least one said displacement member is axially 
displaceable relative to die first body portion. 

7. A vehicle according to claim 5 or 6, wherein at least one said displacement member is 
rotatable relative to the first body portion. 

8. A vehicle according to any one of the preceding claims, wherein at least one said second 
body portion is slidably mounted to a shaft connected to said first body portion. 

9. A vehicle according to claim 8 wherein said moving means comprises at least one screw 

threadonsaid shaft and rotatingmeans for rotatingtheshaft relative to atleastonesaidsecond 
body portion. 

10. A vehicle according to any one of the preceding claims,9 fiirther comprising drive means 
for operating said moving means. 

1 1. A vehicle according to claim 10, wherein the drive means has at least one shaft portion 
adapted to be rotated by the fluid flow. 

12. A vehicle according to claims 10 or H. wherein the drive means is electncally operated. 

13. A vehicle according to claims 11 and 12, wherein the drive means is rechargeable through 
rotation of at least one said shaft portion. 
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14. A vehicle according to any one of the preceding claims, further comprising deployable 
means for increasing fluid drag on the vehicle. 

15. A vehicle according to claim 14, wherein the deployable means is a parachute. 



16. A vehicle for travelling along a conduit having fluid flowing therein, the vehicle 
substantially as hereinbefore described with reference to the accompanying drawings. 
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